We report a case of rupture of the left main bronchus in a female patient with oesophageal carcinoma, who had received thoracic radiotherapy preoperatively. Endotracheal intubation was achieved with a left-sided double-lumen tube. After almost three hours of intubation and one and half hours of one-lung ventilation, bronchial injury was detected. Immediate surgical repair of the membranous part of the bronchus was undertaken, as well as completion of the oesophagectomy. Radiotherapy-induced damage to the bronchus was thought to have contributed to the rupture. The presentation, diagnosis and management of intraoperative bronchial rupture are discussed.
Selective unilateral ventilation with a doublelumen tube is a safe and practical method of ventilation in major thoracic procedures 1, 2 . Though minor problems with tube placement are common, the tracheobronchial tree is rarely injured. Tracheobronchial disruption may be life-threatening. Tension pneumothorax and mediastinal emphysema can cause acute asphyxia, and mediastinitis and sepsis can occur in the later course 3 . The membranous part of the left mainstem bronchus is the most common site of injury and oesophageal surgery is most frequently associated with such injury 4 . This may be due to weakening of the membranous wall because of the close anatomic relationship of the oesophagus and tracheo-bronchial tree 4 , old age 3, 5 , female gender 3, 4 , as well as preoperative thoracic radiotherapy or chemotherapy [6] [7] [8] . The commonly reported causes of bronchial rupture are either cuff overinflation or direct trauma by the tube [3] [4] [5] [9] [10] [11] . We report a case of rupture of the left mainstem bronchus in a female patient with oesophageal carcinoma of the middle third of the oesophagus, who had received thoracic radiotherapy preoperatively.
CASE HISTORY
A 57-year-old female patient weighing 32 kg and 147 cm in height presented with a four-month history of progressive dysphagia and weight loss. An upper gastrointestinal endoscopy demonstrated an indurate, nodular polypoidal growth in the oesophagus at a depth of 26 cm. Histopathology showed moderately differentiated squamous cell carcinoma. A CT scan showed an irregular, asymmetrical, circumferential wall thickening of the esophagus. The lesion was approximately 4 cm in length commencing about 2 cm below the level of the carina, with no evidence of local invasion or distant metastasis.
Preoperative radiotherapy followed by surgery was planned. Radiotherapy was completed with a total dose of 25 Gray in five increments over seven days. CT scan and upper gastrointestinal endoscopy performed after three weeks of radiotherapy showed minimal response. Transthoracic oesophagectomy, gastric pull-up and a feeding jejunostomy were planned.
Preoperative pulmonary function tests showed a mild combined restrictive and obstructive ventilation defect, with lung mechanics favouring a diagnosis of primary bronchial narrowing. The preoperative chest radiograph was normal and there was no tracheal or carinal abnormality. The diameter of the trachea as measured by chest radiograph was 15 mm which suggested an estimated left bronchial diameter of 10.2 mm (0.68 x tracheal diameter) 4 . Preoperative CT scan also showed normal trachea and bronchi, and the size of the left mainstem bronchus was 10 mm. We planned to use a 35 Fr gauge left-sided PVC double-lumen tube (Broncho-cath™ with left lumen outer diameter of 9.5 mm) for one-lung ventilation 4 .
Surgery was undertaken nearly eight weeks after completion of the radiotherapy. Anaesthesia was induced with intravenous morphine, propofol and vecuronium. Endobroncheal intubation was performed with a 35 Fr gauge left-sided PVC doublelumen tube (Broncho-cath™). The stylet was withdrawn after the tip of the tube passed the vocal cords; the tube was rotated 90° counter clockwise and advanced for 26.5 cm without any undue resistance. Appropriate placement was determined by auscultation, establishing that satisfactory ventilation and deflation of each lung could be carried out. We used the ventilator test method 12 for bronchial cuff inflation as it is easy and less time-consuming. The bronchial cuff was inflated to a total of 2 ml in 0.5 ml increments with air during the initial testing for proper tube placement and with anaesthetic gas mixture during lung isolation. The bronchial cuff was inflated only when required.
The patient was positioned in a right lateral thoracotomy position after deflating the bronchial balloon and detaching the tube connection. After positioning the patient, the tube position was again confirmed as correct. After 75 minutes of normal ventilation, onelung ventilation with 50% oxygen in nitrous oxide and halothane was initiated and remained uneventful for about 90 minutes.
A fifth space right transthoracic approach was used. On opening the mediastinal pleura the surgeon noticed a distinct hissing sound and air bubbles with positive pressure ventilation. There was a sudden decrease in peak airway pressure from 16 to 18 cmH 2 O to 6 to 7 cm H 2 O and exhaled tidal volume from 300 ml to about 150 ml. End-tidal CO 2 increased from 31-33% to 41-45% after the leak started. The heart rate and blood pressure remained stable between 74 and 88 beats per minute and 110/60 to 130/80 mmHg respectively. Oxygen saturation decreased initially after the leak from 98% to 93% but stabilized at 98% when 100% oxygen was started. When selective right lung ventilation was started, the air leak stopped, which confirmed that the leak was from the left lung.
To locate the site of the leak the surgeon further mobilized the tracheobronchial tree and found a 2 cm longitudinal rent in the posterior membranous part of left mainstem bronchus starting about 2.5 cm below the carina. The bronchial balloon was found intact and the tip of the tube was just proximal to the injury site. A primary repair of the bronchial tear was performed using 4.0 prolene interrupted sutures and the integrity of the repair was checked on the table. Subsequently the oesophageal mobilization was completed as planned through the transthoracic approach. Two chest tubes were placed in the second and fifth intercostal spaces before the closure of the thorax. The abdomen and neck were simultaneously explored and oesophagectomy and gastric pull-up were completed uneventfully. A cervical oesophagogastric anastamosis was performed and a temporary feeding jejunostomy tube was placed before closure of the abdomen.
The double-lumen tube was replaced with a singlelumen cuffed PVC endotracheal tube at the time of completion of surgery. After 12 hours of postoperative mechanical ventilation the trachea was extubated.
Forty-eight hours later, arterial desaturation occurred, and oxygen was administered through a mask. The chest radiograph showed collapsed left lung, and bronchoscopy showed a thick mucus plug blocking the left bronchus. Gentle bronchoalveolar lavage and suction was done repeatedly through a bronchoscope to clear the plug. After a further 48 hours of mechanical ventilation the trachea was again extubated. No significant air leak was noticed during the postoperative period. Chest tube drains were removed by the ninth postoperative day. Bronchoscopy done on the ninth postoperative day showed normal wound healing with slight narrowing of the left mainstem bronchus. The patient's course was uneventful after that and she was discharged on the 18th postoperative day.
DISCUSSION
Use of a double-lumen tube for one-lung ventilation to facilitate surgery and isolate a diseased lung is standard practice in anaesthesia 1,2 , but some rare life-threatening complications like rupture of the tracheobronchial tree may occur [3] [4] [5] [9] [10] [11] . The commonly reported causes for this type of injury are overinflation of the cuff or direct trauma by the tube 3, 4 . Though pre-existing airway pathology 4 has been found to be contributing factor, there has not been any report showing bronchial rupture because of the weakening of the membranous wall of bronchus due to the close anatomic relation of the tumour and preoperative thoracic radiotherapy.
The most commonly reported cause of tracheobronchial tree rupture is overinflation of the cuff either initially or during anaesthesia with nitrous oxide 3, 4, 9, 11 . We used the ventilator test method 12 for bronchial cuff inflation and the bronchial cuff was inflated to a total of 2 ml in 0.5 ml increments, so it would seem there was no possibility of injury due to initial overinflation of the cuff. Further, during repair of the tear, the bronchial cuff was found to be proximal to the injury site, though bronchial cuff migration from the original site of the tear after positioning and surgical manipulation cannot be ruled out. Subsequent withdrawal of air from the bronchial cuff was only about 2.25 ml, suggesting that expansion of the cuff due to N 2 O was not significant.
Movement of the tube with an inflated bronchial cuff 4, 5 and coughing or other violent movement with the tube in place 3, 5 are also reported to be a cause of tracheobronchial rupture. Neither of these was present in this case. The patient was positioned in the left lateral position with the bronchial cuff deflated and the tubing connection detached.
Another cause of tracheobronchial rupture is insertion of a tube larger than the internal diameter of the bronchus 11 . In this case we used one of smaller size (35 Fr gauge) tube, which was in accordance with the size of the bronchus as calculated from preoperative radiographs 4 . The tube was placed at 26 cm at the incisors as calculated according to the height of the patient 13 .
The double-lumen tube seems unlikely to be the cause of the rupture of the bronchus in this case. Surgical trauma seems unlikely as a possible cause of the rupture as the site of injury was the left bronchus in a right thoracotomy approach. The most important contributory factor causing injury in this case seems to be the preexisting condition of the bronchus, as the membranous part of the bronchus as well as the adjoining tissue was found to be weak and unhealthy at the time of surgical repair. The site of the tear was almost the same as that of the tumour and thoracic radiotherapy, starting 2 cm below the carina. This weakening was possibly due to radiotherapy-induced inflammation [6] [7] [8] in this case as there was no local invasion by the tumour and the patient was only 57 years old.
The weakening of the membranous part of the bronchus by preoperative radiotherapy may have predisposed the patient to injury by even an "atraumatic insertion" of the tube. Other possible factors contributing to the rupture include opening of the mediastinal pleura and positive pressure ventilation.
Though in most of the cases of tracheobronchial tree rupture the cause is speculative, there is almost unanimity about its treatment. All but a very small size tear should be repaired surgically as early as possible. The prognosis of the patient with this injury depends upon early diagnosis and early surgical repair 3, 5, 10 .
Certainly, positioning aids like the fibreoptic bronchoscope can be helpful for proper tube positioning, but it is expensive and a proper size fibreoptic bronchoscope may not always be available 14 . Although routine use of the bronchoscope has been recommended 13 , other studies have not substantiated it 14 . We now recommend using a fibreoptic bronchoscope for positioning of a double-lumen tube when factors predisposing to weakening of the bronchus are present. We also recommend elective ventilation of the patient with bronchial injury for at least 48 hours, to minimize the risk of having to reintubate the trachea.
In summary, double-lumen tubes will remain an important part of anaesthetic management for all major thoracic procedures, as they are usually safe and provide the optimal operative field for surgery. Even an "atraumatically" placed tube without any undue resistance may cause bronchial injury. This is particularly true when a condition predisposing to weakening of the bronchus, such as proximity of the tumour with the airway 3,4 , preoperative thoracic radiotherapy, chemotherapy [6] [7] [8] , old age and female gender 3-5 is present. In such co-morbid conditions a high level of suspicion for the presence of tracheobronchial rupture is required. If this condition is suspected and the signs are not apparent, a bronchoscopy should be done as early as possible to rule out airway injury. This is crucial, as optimal outcome depends on early recognition and surgical repair.
